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I n  o rde r  t o  examine t he  i n f l u e n c e  of new 6 ~ i  and model c a l c u l a t i o n s  a l s o  g i v e  q u i t e  s a t i s f a c t o r y  
7 ~ i  d a t a  r epo r t ed  e lsewhere  i n  t h i s  r e p o r t  on  l i g h t  agreement w i th  t h e  observed e lementa l  abundance r a t i o s ,  
e lement  nuc l eosyn thes i s  v i a  t he  g a l a c t i c  cosmic ray  6 ~ i / 9 ~ e  and B / L ~ ,  w e l l  w i th in  t he  e r r o r  f a c t o r s  f o r  
(GCR) + i n s t e l l a r  medium (ISM) mechanism,l new t h e s e  r a t i o s .  Hence, t h e  p r e sen t  s t udy  r e i n f o r c e s  
c a l c u l a t i o n s  have r e c e n t l y  been performed us ing  a  previous  conc lus ions  t h a t  6 ~ i ,  9 ~ e ,  ~ O B  and l~ can be 
leaky-box model. This  c a l c u l a t i o n  i nc ludes  c r o s s  well-accounted f o r  by t h e  GCK + ISM mechanism and 
s e c t i o n s  from a  r e c e n t  review of a l l  d a t a  r e l e v a n t  t o  
L i ,  Be and B n u c l e ~ s ~ n t h e s i s , ~  a s  we l l  a s  new abundance 
t a b l e s  f o r  t he  i n t e r s t e l l a r  medium and g a l a c t i c  cosmic 
Table  I 
rays.3 I n  t he se  c a l c u l a t i o n s  i t  is assumed t h a t  t h e  
Lithium abundance r a t i o s  p r ed i c t ed  by g a l a c t i c  cosmic 
g a l a c t i c  l i f e t i m e  is lo1' y e a r s  and t he  cosmic r ay  mean r a y  + i n t e r s t e l l a r  medium model. A l l  abundances a r e  
r e l a t i v e  t o  H = 1012 atoms. Pa reo these s  i n d i c a t e  e r r o r  
p a t h  f o r  escape i s  5g/cm2. To examine t h e  l i m i t s  on f a c t o r s  f o r  exper imenta l  va lues .  
6 ~ i  product ion  e s t a b l i s h e d  by t h e  d a t a ,  two assumptions 
6 ~ i  7 ~ i  
- - 
7 ~ i / 6 ~ i  6 ~ i / 9 ~ e  ~ / 6 ~ i  
a r e  inc luded concerning t h e  (a ,pn)  c r o s s  s e c t i o n  above 
expta  90(2)  900(2) 12.6 + 0.2 5.0(3) 2.2(3) 
200 MeV: (1)  Th i s  c r o s s  s e c t i o n  dec rea se s  
e x p o n e n t i a l l y  above 200 MeV and (2)  a  c o n s t a n t  va lue  of 
3.4 mb is v a l i d  f o r  a l l  ene rg i e s  above 200 MeV. The 
r e s u l t s  of t h e  c a l c u l a t i o n  a r e  g iven  i n  Table I, where 
they  a r e  compared wi th  exper imenta l  abundances f o r  L i ,  
Be and B i s o t o p e s  taken from Ref. 4. 
With r e s p e c t  t o  the  a b s o l u t e  abundance of 6 ~ i ,  t h e  
c a l c u l a t i o n s  f o r  both a  + a  c r o s s  s e c t i o n  assumptions 
a g r e e  wi th  t h e  d a t a  w i th in  t he  l i m i t s  of e r r o r .  The 
a - Ref. 4; however, i t  has been proposed t h a t  t h e  
p r imord i a l  Li abundance may be s i g n i f i c a n t l y  lower. 
See Ref. 7. 
b  - Assumes o ( ~ L ~ )  dec rea se s  exponen t i a l l y  beyond 200 
MeV 
c  - Assumes o ( ~ L ~ )  = 3.4 mb f o r  a l l  Ea > 200 MeV 
demonstrates t h a t  overproduction of 6 ~ i  by the  a + a 
r e a c t i o n  is not a  s e r ious  problen f o r  t he  model. 
The i n a b i l i t y  of the  GCR + ISM model t o  account 
f o r  t he  wel l -es tabl ished 7 ~ i / 6 ~ i  r a t i o  (Table I )  has 
iong been recognized.4 The r e s u l t s  of t he  present  
measurement simply amplify t h i s  discrepancy. Since  7 ~ i  
i s  a l s o  produced i n  b ig  bang nucleosynthes is ,  t he  
7 ~ i / 6 ~ i  i s o t o p i c  r a t i o  can be most e a s i l y  understood i n  
terms of a  model i n  which the  major source  of 7 ~ i  is 
t h e  big  bang and t h a t  f o r  6 ~ i  is the  GCR + ISM 
mechanism. In  f a c t ,  using the  s tandard model and a  
u n i v e r s a l  baryon dens i ty  which reproduces the  observed 
2 ~ ,  3 ~ e  and 4 ~ e  abundances, cosmological 
nucleosynthes is  c a l c u l a t i o n s  produce j u s t  t h a t  amount 
of  7 ~ i  required t o  y i e l d  the  c o r r e c t  7 ~ i / 6 ~ i  r a t i o .  
Hence, t he  two models - cosao log ica l  nucleosynthes is  i n  
t h e  b ig  bang and GCR i n t e r a c t i o n s  with the  ISM - can 
s u c c e s s f u l l y  account f o r  a l l  l i g h t  element 
nuc leosyn thes i s  i n  a  q u a n t i t a t i v e  fashion.  
An a l t e r n a t i v e  i n t e r p r e t a t i o n  of the  f a i l u r e  of 
t h e  GCR + ISM model t o  reproduce 7 ~ i / 6 ~ i  is t o  demand - 
a  p r i o r i  - t h a t  t he  a d d i t i o n a l  71,i must come from the  
b ig  bang. The s a l i e n t  v a r i a b l e  in the  c a l c u l a t i o n  then 
becomes the  baryon dens i ty  of t he  ~ n i v e r s e . ~  Using 
t h i s  approach, b ig  bang c a l c u l a t i o n s  wi th  the  s tandard 
model r equ i re  a baryon dens i ty  pg " 5 x g/cm3 t o  
produce the  required 7 ~ i .  This  value  i s  an o rde r  of 
magnitude lower than the  c r i t i c a l  d e n s i t y  of t he  
universe ,  implying the  universe  i s  open and w i l l  expand 
fo reve r  (assuming neu t r inos  have n e g l i g i b l e  mass). 
Even more s e n s i t i v e  e s t ima tes  of pg, which p a r t i a l l y  
account f o r  e f f e c t s  due t o  g a l a c t i c  i n f a l l  and 
a s t r a t i o n ,  can be obta ined by examining the  r a t i o  of 
7 ~ i  t o  2 ~ ,  both of which e x h i b i t  a  very  s e n s i t i v e  
dependence on pB.6 
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